Oxygen was absorbed during the process of decomposition of LAHPO to their SP. The oxygen absorption by LAHPO as well as oxidizing LA was retarded by the addition of antioxidants. The kinetics studies of oxygen absorption reaction were carried out using a polarographic ele ctrode when LAHPO was in excess or by a respirometer when oxygen was in excess. In both cases, the reaction followed the first-order kinetics.
was in excess.
In both cases, the reaction followed the first-order kinetics.
Total amount of the absorbed oxygen by LAHPO was 1.26 moles per mole of LAHPO, that is, the stoichiometric ratio of the reaction of LAHPO with oxygen was 1 to 1. When LAHPO was incubated under oxygen free atmosphere in the presence of a catalyzer, the decomposition of LAHPO was remarkably reduced. Thus, the oxygen absorption at the degradation steps of LAHPO was due to LAHPO itself and not to SP, and LAHPO was decomposed by the oxygen action. A possible scheme containing linoleic acid dihydroperoxide which was a reaction inter mediate at the degradation process of LAHPO was discussed.
The radical mechanism of fatty acid autoxidation has been thoroughly studied (1) (2) (3) , but the origin of the initial free radicals necessary to begin the autoxidation process in fatty acids has not been clarified (4) (5) (6) . The oxidation propagation in the presence of air is usually assumed to be initiated by the breakdown of hydroperoxides which are regenerated during the chain reaction.
The hydroperoxides are decomposed to SP (carbonyl compounds, alcohols, acids, etc.). These products are highly susceptible to further oxidation (7, 8) . The complicated and dynamic nature of SP makes the quantitative study of their occurrence in the autoxidizing lipids very difficult. The toxicity of hydropero xides and their SP has been studied (9, 10) , and both compounds have been shown to be toxic, but the mechanisms involved are quite different (11, 12) . To solve these problems, the mechanism of LAHPO decomposition to form SP must be made clear. The autoxidation mechanism of LA has been proposed by BOLLAND (13) and BATEMAN (14) on the basis of the basic autoxidation scheme of hydrocarbon. On the other hand, JOHNSTON et al. (15) indicated that LAHPO consumed 1 mole of oxygen, but did not describe the mechanism within the process of the degradation of LAHPO. Given these considerations, an attempt was made to elucidate kinetically the degradation mechanism of LAHPO. 
RESULTS

Dissolved oxygen absorption by LAHPO
LA, LAHPO and SP were emulsified in the oxygen-saturated water con taining ferrous sulfate, and oxygen absorption was determined as described in "Experimental" (Fig. 1) . LAHPO absorbed dissolved oxygen. LAHPO was very reactive even under low oxygen pressure. The absorption rate of LA was fast at the initial stage. But after 50% of the dissolved oxygen was consumed, the rate became low and was similar to the dissolution rate of the atmospheric oxygen into the reaction mixture. Thus, LAHPO was more reactive with dissolved oxygen than LA. SP also absorbed a little dissolved oxygen, but the direct comparison excess of oxygen (Fig. 3A) . Fig. 3A . The oxygen absorption reaction by LAHPO follows the first-order with respect to oxygen in the above assay system. On the other hand, when LAHPO and dissolved oxygen were in equimolar proportion, the reaction follows the second order (Fig. 3B) . If 1 mole of oxygen is consumed by 1 mole of LAHPO, the decrement of LAHPO equals the decrease of dissolved oxygen. Rate of oxygen absorption measured by a respirometer When the other reactant, oxygen, is present in large excess, the kinetics order was observed by a respirometer as described in "Experiment" The de crease of [LAHPO] corresponded with the the decrement of [O2] (Fig. 3B) . Therefore, if m=1, log [O2]0/([O2]0-[O2]t) can be plotted versus time in the same way as described in the polarographic result. The rate constant k was determined in different concentrations of catalyzer (Fig. 4) . The reaction followed the first order with respect to LAHPO in the assay system. To deter mine whether the other reaction steps are involved in the reaction or not, the half period method was used with the catalyzer being kept constant. Since the half period method involves the measurement of the time taken for one-half of the original reacting substance to disappear, the value of the half period is related to the rate constant. The rate coefficients were nearly equal to 0.0249min-1, even when LAHPO concentration at the beginning of the reaction was changed to 4/5, 3/5 or 2/5 (Fig. 5) . The reaction of LAHPO with oxygen corresponds to an elementary reaction. Overall oxygen absorption For the stoichiometric determination, the total amount of oxygen consump tion was measured with a respirometer by the same procedure in Fig. 4 . One mole of LA absorbed 2 moles of oxygen or more and 1 mole of LAHPO absorbed 1 mole of oxygen or more in all cases whether the catalyzer was added or not ( Table 1 ). The stoichiometric ratio of oxygen to LAHPO seems to be 1 to 1.
On the other hand, LAHPO decomposes to SP with oxygen absorption. LAHPO was incubated in a respirometer, oxygen consumption by LAHPO was measured and the products were detected by TLC (Fig. 6) . The number of spots of SP increased, while LAHPO spots reduced on TLC as the reaction proceeds. a The reaction mixture was incubated until the oxygen absorption reached the maximum. b LA was purified by TLC and the concentration was determined by titrating with tetra-n -butylammonium hydroxide (18) .
Degradation of LAHPO under oxygen free condition
Clarifying the oxygen absorption reaction by LAHPO is an elementary re action, one reactant, LAHPO, was incubated in the absence of the other re- 
DISCUSSION
LAHPO obviously absorbed oxygen (Fig. 1) . Besides, LAHPO was more reactive than LA or SP even under low oxygen pressure. The oxygen absorption by LAHPO as well as that of LA might be a radical reaction ( Figs. 2A and B) . For making the reaction mechanism of LAHPO with oxygen clear, the rate co efficients were determined in a steady state treatment by the addition of a suitable amount of catalyzer and before the termination reaction started. When one reactant was isolated by the other reactant being present in excess, the rate of the reaction was observed by the decrease of the oxygen concentration. These oxygen absorption curves were adapted to the simple formulas as described in a Radioactivity at the region of Rf 0.35-0.48/total radioactivity applied on TLC. b Authentic sample of labelled LAHPO as shown in Fig. 7 . (Fig.  7) .
From the foregoing observations, it is considered that the LAHPO itself reacted with oxygen and that the LAHPO was very stable in the presence of metal catalyzer or by heating in the absence of oxygen. Thus, oxygen played the part of radical initiator (28, 29) as well as reactant.
From the results obtained above, a possible mechanism containing linoleic acid dihydroperoxide can be proposed (Fig. 8) . The pathways, A, B, C and D, have already been ascertained or suggested (7, (30) (31) (32) , and the pathway E is proposed from the present experiments. The pathways F, G and H could be suggested by these overall considerations. The compound OOLOOH may be very unstable and may easily decompose. The supposition in this scheme may explain the fact that many kinds of products are detected in the autoxidation of fatty acids (33) as in the case of hydrocarbons (34) . But the detailed mechanism of autoxidation of lipids must be ascertained more specifically by the structural analysis of the SP or by the analysis of the terminal products containing volatile compounds (35) (36) (37) .
